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Phosphorus Forms and Its Distribution Characteristics in Sediment Cores of Baiyangdian Lake

DONG Li-ming, LIU Guan—-nan

(School of Chemical and Environmental Engineering, Beijing Technology and Business University, Beijing 100048, China)

Abstract:; Distribution and vertical variation of phosphorus(P) forms on sand and silt/clay particles in the sediment cores from six representa—
tive sites of Baiyangdian Lake were studied , using the standard measurement and test(SMT ) procedure of P forms for the freshwater sedi—
ments. Correlation coefficients among sediment P forms were also analyzed. Results showed that the average total P(TP) content in sediment
cores varied from 531~1 223 mg-kg™ DW.The inorganic P (IP) was the major P form in sediment cores and mostly accounted for 72%~
83% of TP. The content of bioavailable P bounded to iron and aluminum oxide and hydroxide (Fe/Al-P) was greatly affected by the water
quality of the sampling sites. In terms of the variation range of P forms content and percent content , Fe/Al-P>organic P (OP)>P bounded
to calcium (Ca—P). The vertical variation of P forms and distribution on sand and silt/clay particles in the sediment cores varied in different
sampling sites.IP had significant positive correlation with Ca—P, indicating that the increase of IP content was mainly due to non—available
Ca-P. TP had significant positive correlations with IP and Ca—P respectively in space distribution and vertical variation, showing that the in—
crease of TP content in sediment cores was mainly due to Ca—P. The results is useful for researching water pollution history and contribution
to water eutrophication from internal sediment P in Baiyangdian Lake.
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A, BESANEE ST 2 BIIP, (L AR Bk B RTRE 20
RFIRYBIE AR 405, HIF R E TR E 1R
BB ARG, BT EZEERMRA . —
F 28 F HCL F1 NaOH AR $2EL, 75 —Ff 240 EDTA
B AR BGER 61, RIS —Fr ik &R 2N T #24t
TR ARE B R T R BOREE

F e O At X AT b R (b 38°49,
IR 116°04) , J KA K B B FALERIEA , AR
366 km?, EHIKIE 2 mo FPETER 143 A/NEWIA K&
3700 ZEAMEEZN/KEAR, 448 10 27 A0fF
FEAERE X M JEIKA . BN B RAEFF K . Eif
TR K K B A3 N , AJE K BB 08 TR A
& R KX T AKGEHEATEN , RSB B FEREE
WRBEERWTHE N . A TE R b X e K IR/ ITE
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Figure 1 Map of sampling sites in Baiyangdian Lake
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J& (2100P, Hach, USA ) , i FiI 8 75 I R4S 0 2 SR AR Ab
IR, FFiC 7 GPS Aed3 . 58 B Hil Falhieie ARt
FHL RAE 55 (Z1.200810126080.X ) R4 £ FF 7 18~20
em ARRVIERY), B35 2~3 om BRI 534E , 5
BIFE AT I B8, 4 [ 3L 50 = KT 5 SRR I
HEVBRARETE, Jeit 2000 pm 5, RS
63 pm ANFEPIE, 5 NP+ (sand fraction, 63~2 000
pwm) 5 83 BKL £ (silt/clay fraction, <63 wm), %5 ¥
1.2 BEESSBESER

VIR P BEIE A 081K A Ruban S5 7E RR AR fE
MRRZE R SHESR T KR SMT 538 5 i, FE8
TR HREL 200 mg GURARIAE S, A 1 mol-L™ Y
NaOH 20 mL, 357 16 h J5&.0>; B 10 mL _ERFFEIA
3.5mol-L7 ) HCl 4 mL, #& 16 h 5.0, % FIEW
1t 0.45um UERE , SHRRER 73 6 0 B I 8 W A ATE
W (SRP) , 1324k FR45 A B (Fe/Al-P) ; $2HUS 5%
# A 12 mL NaCl 3£#%5 2 K5, A 1 mol-L™ % HCI
20 mL, ¥R 16 h JGES.0 438, B WIE0.45 wm JEAE
JEME SRP, 1584545 &AW (Ca—P) ; FREL 200 mg Ii
FUIRE S A 1 mol- L (% HC1 20 mL, 5% 16 h J&
B, BT 0.45 pm JEREFE N E SRP, 15 TCHLBE
(IP) ;3R 12 mL KBS FKUEY 2 I, B R T8, 82
EREW 30s, 7E450 CHRAL3h, MMA 1 mol-L' [
HCI 20 mL, %% 16 h J585.0>, LW 0.45 wm JEfE
JEWIE SRP, 132 A HLBE(OP) ; FREL 200 mg JIFMIAE
i, TE 450 CHRIZRAF T AL 3 h, BEE A 3.5 mol -
L1 HCI120 mL, #R¥% 16 h 5B, iR 045
pm JER/EE SRP, 5 2] S8%(TP)
1.3 #iELE

SLIGBHR ST BIR A SPSS Gt 4
(SPSS A /], jaAs 13.0)#4T , MBS MAE 4y
Hr >R A Pearson 836 2B HI BRI HETT

2 ER5H5H

2.1 FHEEIKIRERYSHE

EHEE R R B B SR ARIATE L Y€ P 7K Mkl A T K
TV FHE KA, KR 2 S8, 6 R 5K
IRFHEANER 1,81 F1 S5 FE i Z N A TR AL,
e EE L SBERTE MR B A LR, K A A
TUKFEY) , BHEEE 4—5 RSB KER K. S2 fl
S3 RS N THAXT BN, KRB R4, S2 FE p
KBTI R S4B BRI 0

R 1 BEEREERKIREHAE

Table 1 Water characteristics of the six sampling sites in

Baiyangdian Lake
FAES S1 S2 S3 S4 S5 S6
JKIE/m 2 3 4 2 2 3
7KIR/C 19.3 18.9 17.9 19.0 193 18.0
pH 8.05 8.10 8.30 8.05 8.13 8.31

DO/mg-L™* 7.89 9.08 8.94 8.75 9.20 9.97
P EE/NTU 9.4 2.7 5.5 29 8.4 1.7
BB/peP-L? 210 81 114 64 149 70
B ueP- L' 120 30 50 40 80 50

X, ZV5 YN, KA LA R 7 35 35 S6 AN
R EEETE K O BHE, BB LB AT g, KA
MY FER TR X PR S R AOK BT

22 MARYBEE AT B 5 fhiFiE

HEFE 6 TR SMERITERYBIES S & X
FHXTE 4 L 2. 3, R RI X ARTRR H H TP
SEEE A 531~1 223 mg-kg? DW, 434 )lF A S1>
S5>82>S3>S4>S6, 1P -3¢ & & 305~886 mg -kg™
DW, & S2 MTLFRY 1P S &K TP (9 42%51, HAth 5
ASRFE ) IP SRR PN EZ 85, &
TP & & 72%~83% ., OP & &k 98~417 mg kg™
DW, 5 Ems & B 17%~58%, Ca-P 2 IP ) FE B,
41, He 8ok 230~655 mg-kg™? DW, |5 IP &8/ 74%
~93% ;[ S2 Ab, HARAE s ) Ca-P & EAEVIRY)
B EERS, &5 TP S B/ 53%~77%., Fe/Al-P i
29~230 mg kg DW, {5 IP & &) 7%~26%, 5 TP
B 5%~18%,

DU @Y 3 FpIE A8 (Fe/Al-P, Ca—P F1 OP)
EAFBX G HAES . TEATEEFRLD S1 X
S5 WiIX , Fe/Al-P {75835 230 mg-kg” DW F1 116
mg-kg”’ DW, RALTF BREP LK S4 (33 mg-kg™
DW) X Ak T # #4 S6(29 mg-kg™ DW ) i IX
3~T 45, WAL T HX R S2(74 mg-kg™ DW)F
S3(69 mg-kg™ DW)WIX [ 1.5~3 5, Ca-P My &
S1(655 mg kg 'DW B & , M AE S2(230 mg kg™ DW)
W AI: , JFCAh 381 X U R 7 382~480 mg kg™ DW Z [H], 43
MEFAK, OP =[G MEFHEKR,S2 (417 mg-
kg DW)F S1(337 mg-kg™ DW )3t K F H Al 18 X
f OP 25 (98~187 mg-kg DW),

2.3 MARYBHESER 5 hiFiE

TR #E 3 FIEA (Fe/Al-P, Ca-P 1 OP)7E

ANEA X B ) AR DL 40 A 3 PR AR B2k
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Figure 2 Spatial distribution of phosphorus forms in sediments of Baiyangdian Lake
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Figure 3 Percentage content of phosphorus forms in sediments
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of Baiyangdian Lake

F AR X AHER TR FE T 0] 5375 A2 4 AR —
., S1 EISEHE KGR EH, 7E 7~9 cm 4bik3F]
B AME (1500 mg-kg? DW), MFE 15~18 cm A H
895 mg-kg™ DW;S3 1 S5 JU| 2 BLZ WG K A H, B
KAEFI e/ ME Z (A A 224535128 150 mg-kg™ DW F1 92
mg-kg™ DW;S2 1 S6 2 Z Wik LEaHE, HRMM
B /MEZ B 2253 51K 86 mg-kg™ DW F1 160 mg -
kg™ DW; S4 TISEREARSE 1S K , B RAE A B/ IMELZ [E] A4H
# 110 mg-kg”' DW,
1E Fe/Al-P fZE M 4345 |, S1 2B K5 K
MIEE, 7E 5~7 em ZbiE B H K (H (312 mg-kg™ DW),
MAE 15~8 cm ALK 144 mg kg™ DW;S5 NI & BL &
BRI EY, A 87 mg-kg! DW #] 151 mg-kg™ DW;
HoAl A 508 X ) Fe/Al-P f3E [] 43 A3 R AR AL 2 F AR
FARA, S2 1 S4 7E 60~90 mg-kg' DW 22 JH],S3 F11 S6
NAF 23~47 mg-kg? DW,,
1E Ca-P AYZE [ 234G |,S1 5 S5 (473~519 mg+
kg’ DW) 2B K/G FEIRAE S, S1 7E 7~9 cm 4b

ik B B KAH (856 mg kg™ DW), M 7E 15~18 cm 44X
41 538 mg-kg” DW; HAFE S WIX A9 Ca—P T[] 4370
Bl 22 S FE A B i i K e #, S3(385~535 mg-
kg™ DW).S2(192~263 mg-kg™ DW )l S4(418~494
mg-kg™ DW)JEREAR/GE K, S6 Jetl KJa RIS K
(344~437 mg-kg™ DW ),

£ OP RyZE[E43456 |,S1 (212~428 mg+kg' DW)
S2(390~431 mg+-kg™ DW).S5(140~176 mg-kg™ DW)
F1S6(92~172 mg-kg™ DW ) #f 5 1 K5 M fta 2,
A BTE 5~7 em.7~9 em.5~7 cm il 3~5 cm K E|H KR
{H;S4(164~207 mg-kg™ DW ) A B AR, S3
SERRIE R (65~134 mg-kg DW),

VIR T 3 MBE AN E 'L, Ca-
PAHXT FUURY TP & &, fEEM A LEARENR
BTG K B H; Fe/Al-P 7E 5 /M G X ) 43 A
AR R FHREGESE (B S5 B RS ;0P 7E S1.
S3.54 #il S6 EZ Wik, TE S2 F1 S5 #E 5
WK G LR
2.4 AEFALTRYBIR S S S E

HETE 6 AR X AR R UL AR 4 R R kL 42
SEMBESEH S EIMENE S STELE 5.
6. M 3 B ASREESKE ,S1.54 Fi1 S6 AP 1-(63~
2000 um)H TP & B E K FMEP/HK 1 (<63 pm), 1
S2.S3 1 S5 NI - M 3 FBEIEA K 434k , Ca—P
TE S1.S2 Fi S6 HRUVIY + P& BREKR TR
BPIRE 1 8 i, oAt 3 AR s DX A 2 5 Fe/Al-P
TE S1.54 F1 86 W L & BE R F MK Ly
RS2 F S3 MIEEAAH Y, S5 Wb LR & 2N T
BIRS 1 9 & & OP 7E S1.54 Ml Se b+ iy & &
BRI /R i & &, AR WA

MAEXT B 2 & B KE , Ca-P 7E TP AN B4
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15% B @ = FHAMIX . S1 AbFHARm LUAr s 1)
EIVEVEN , JH B A A e, B S AN B A A T 15 7K L
FEBTALIEIH , KA RS S A S S LF- B
PR 7745 T S5 AbTF R AVE AT A il s o,
HoA R R B E T R S KB A E TS
IK o IXT I 7K AATS Yo B B B SR AR R R, T S2
1S3 EAEPISYLIRENE, FEZFIENKNAIETS
IKHEB R SR RIFEm, HKE—BEE 2m DA B, R
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Figure 4 Phosphorus forms profile distribution and percentage content of phosphorus in sediments of Baiyangdian Lake

TR M N, HoK Rt A i, Fe/Al-P & & K
AHXTE 4 & BEAEF K.

TR B R, BIFEUER) Fe/Al-P Toif
S BRI TP 5 IP WA B /3 & &
EEEAR . WK B BRI TUERY) Fe/Al-P
SRS BERLE 151.7 mg-kg? DW DL L, HAE TP HAH
YFE - B AR T 23% , FAHE IP B9 F A,
X AT BB R VT K BRERLIIE , KR X AR AR
TR , KB R . T /KA YR AR XK AR A

DU BT RAB K, FR TR P A S
KEWY, SEUEYFE Fe/Al-P & BASRAL, Ui
B K BT A5 M A R AT RO H A o #E /K B
BB, B KRR , RS [ E TRy +
BRI R

AR X TR Y T Fe/Al-P & 8 03 [ 4316 2
BRI, 3275 Yl B Y S1 1 S5 By ) 43 A S A8
P22 SRR, T A AR R I X 22 R Rk, R
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Figure 5 Phosphorus forms distribution in different grain size sediments of Baiyangdian Lake
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Figure 6 Percentage content of phosphorus in different grain size sediments of Baiyangdian Lake

FER RS, B TS0y SHngs
BREN RS, URUTBR RS R aE (2
UBIAREE B 7 B TR SR X Fe/Al-P W TE [0 43 Fi A
HEHM, Fe/Al-P & B LA RBOR H 40 fith T B
A, HA 5 MESHIXEP 11 Fe/Al-P (5 TP A%t
EP Ay 7 e o
3.2 $EEEEEBE(Ca-P)

Ca-P BRI PEAEMEMBEAL Sy, BEPIAN
T YR F R, (AR Y kT S 3L pH [%
K5 R FRAS VR MR, ARLLHTIE AL B Ca—P 5 VAR
T AT A R, o IR R B B KA LR TR
FIRBERRER VR, R MEBEIKA SATE B S AR TTIE o
i, 7E A OB A BB X, TR T Y Ca-P
TRINVIZBE

Ca-P 7€ I TEAN R X 1 22 ARSRTFTE, B
2 B ] BE S X A B AAEE . 76 S1 IR, i F
NAEBE R E R A KK, F3 Ca-P & (655
mg kg™ DW ) A& ; M AE S5, KEV5 R FER A I

T RIS G | TR 7K A i 22 5 W i 7K A T R 4 R
Bk A AE Yy BRI BV 2 KR REAR, B HCI-P &
(487 mg-kg”' DW ) HEBS i FHAMBI X . {2 Kaiserli
(2002) R BAEAR & EF MBI Y F , Ca—P 5TP
HSTE 3 59%~74%, H5 8 EFRUKERERIF
AEY), X WBL T Ca—P HIARXTRE M
SR, E¥EER Ca-P TTETFH & BIF
ARV TP 8 IP fIAHNTE 45 B _EARE - an Akl
UURRY Ca-P B & B#AE 200~300 mg-kg”', HE
TP HAHX B 43 & B WA T 17%~35%2Z ], B AHR
A IP W FE A . X FERE e FAEILH X
H AR IR R P E S &R &, B8 B2
ERFEHRES R, X5KILPTIHHRKBAERARR, 2
RFE Ca—P & B KA E 4 LB KT Fe/Al-P,
Ca—P & BAEAFIRE S X PTR 2 1) 43 1 A2
2= FEK, N NT5 Y (1Y S1 F1 S5 FRE SR
Je BRI, 7E T~9 cm AbTEBI T AAE o T HAAE S
WA B 2 WK H B Ca—P MY FHIRH
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TP SR, FAEFEM 4 LA 2 A EG KA
¥ BB T2 BB AB R 2515
3 Ca-P B ML, UK Ca-P JLARAIEN] . Ca—P &
BRI A7 T B A, BA 4 MESBIX
WAPIRE 19 Ca—P BAXT E 43 L KT+

3.3 HHLBE(OP)

OP B /TIEMMBIER, SARENA R, FE
FIFEFRA I, TEHGH Exken BITIRRYITE SR
H,Rydin & B K2 50%1) OP A] LUK AR BN A 4
AT FIFRBIEA, RIE R R ESEH B FRMBY
DR, OP & BT L VEIEA R X JURY 4015
BZER, GEEREMN S1 HUHRY+ OP fTaEkIETF A
s YL e S SR AR RN, T S2 FE s I IX
=5 OP (B X B 43 & B AT BER IR THE S e
MYWBRAFANE ., 5K (188~345 mg-kg” DW)
OP &7 & 2 15 TP(20%~43% ) E 43 LEAH L, I VE RS
A EGHA Y (535K 98~417 mg-kg? DW, 17%~58% ).,

OP & BT n AL 7E ¥ € A9 S1.S2.S5 F1S6
4 M X 2B KRGS, 1€ 3~9 cm 1A%
KAE; T TP BE & B 2GS, OP fyix
oo 1) A AL R T BB -5 UURR A I B AE WA F A %o
OP & R7EAF B AT B, (H 5 M
IS+ 1 OP AN E 43 LI K TR £, X AT RE
T OP B 2R S LRSS 5 FTE
3.4 BEEE(TP)FNFTALEE(IP)

TP 7 A REARRIBIX () A 22 5 5 Fe/Al-P —
H, HEEOFESHMXPEELREERLCEER
Ko SI HTFRZB|M 5 YR A8, H TP & R dh2H
BT HARE S WX . TP ZEA R X AR TSR
T Mo EIFA—3, X T RE R B FUTRAER
ZSRURTT IR AT B TP & &
FEAS [V A 9 XA 22 55 the U DR AR 22 300 DO RR e
EEMEME/NIP 5 Ca-P 437 2 A —3, X
FEEHATHFRKRZHIX Ca-P 2 IP B EMA,IP K
I3AiZEFEERE T Ca-P HYZS 8] R T 7] 37 22 T
B SARBIAEL, B TER TP & & 5HEAMY,
IP W #fR TP 1 EK, HEM IP 1) ERATEER
3.5 BRHBHESHEXES T

SR FEESHZEPXR, BTN
LA ARRHAE,  DAT AT DA 47 b A A YA IR HE
BHLR 5", 32 ] Pearson(2-tailed ) X} 6 4~ s 18 X
AR RTTER I 2 R B A8 -39 & BT e 400
B, AR TP & RS Ca-P YA

KM I (P<0.01,R=0.988), iFEIR B E KT, X 5
KILH T HENATIERY) TP il Fe/Al-P REL0FH 1
IR REHW, TP 5 IP & & A KIF A M
(P<0.05,R=0.854), k53] 7 B &E/K¥,/HS OP 1 Fe/
Al-P BRI RHARN L2 , RUITTRR Y T TP & R A3
i, FEEH Ca-P,HIKJE OP Fll Fe/Al-P, TEATEASHE
o, 0P 5 IP 2H4FAYIEA R R (P<0.01,R=0.966),
KB TR REKF, OP 5Ca—P —fAHRK, T Fe/
Al-P fHEPEEs2E 8 OP S &N IP W& B A,
i IP 5 Ca-P BYAHEMESHF (P<0.05,R=0.875) , k%]
T BEKF, RATURY HIP & &AM, F2k 8
Ca-P, T Ca—P 5 Fe/Al-P fyAH AR/, B E
B EARXT ST, AT BB R O B SR IEA R BT

XF 6 ANHE R X A5 PR A & SR 2 1] 43 A7 A AH
KM TAT LLE 1, Ca—P ZEBR S5 4 5 MR IIX
5 IP By 434 _HERE MR B E AR (P<0.01), 5 TP
1 2P 2 AH I (P<0.01) 3 8 2 4 56 (P<0.05) , T 5
Fe/Al-P 7 S1 i 84 2 W E K, 5 OP MHRMEIR/N
Fe/Al-P ¥E S1.S2.54 #1 S5 5 IP f TP 2 B ZE 5% 2
FAHK,#E S1.S3 F1 86 5 OP B EFHRK, OP {7 S1
156 5 1P TP S EH K, IP WZERTAHE s X T fm]
3 B TP AR B EMR, ULH TP 7E B IEUTRY)
He ] A AR E 2Ok B TP, T IP AR 25k
H Ca-P,

X EEEVEARR TR Y R oRL AR 1Y 25 R BE S F
B & BT B B, TP 5 1P
1l Fe/Al-P i BEAHK , 5 Ca-P BEMKIP 5 Ca-
P Fi1 Fe/Al-P #{#% 2 2 AH>% ; Ca—P il Fe/Al-P .3 4H
Ko TEBAIRL LRI, TP U Fe/Al-P BEARK,
IP 5 Ca-P 1% BEHH X,

4 ZEig

WX FEETE 6 M X ARRUTER R & B 2T
AR AT 458

(1) B ER X ITRY TP B Y SR A
2R, TP K& RN 531~1 223 mg-kg™
DW, IP EARLWX TR P8 T E R0, KE
oA 72%~83% , WA TEASHE & BEAE & &1
ZAVIE IR E , 2 Fe/Al-P>0P>Ca-P,

(2)FE 3 [0 43 A AP FORL IR Y kL I, &8
DA —E 1A (BRI AR 22k B
A, ZFHEUA—3,

Q)L ' FEMS AR ERRS L,



F30BH 4 M

A -

% 719

IP 1 Ca-P # 2 AFAHCHE, BEH Ca-P 2 IP [ F
&, M7 & EMEN 4346 L, TP 5 IP 1 Ca-P 2
(B HRAETEE B BAE e, BLBATTRR Y TP & &
FHE IP fiff) Ca—P, HIKE OP Fl Fe/Al-P,

(4) ¥ TE A b b X MR R K WA | 5 KI5
KILP TSR S e A & & X0 b
FaEBRES . L, X AEEIFEYEINREAS 2
RS e R MR AL Hb X H #T S48 F1 S B IRtk
AR K IV K BB AR
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